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FOREWORD

This report was prepared by the Scientific and Technical Information
Office (STINFO), Air Force Materials Laboratory, Wright-Patterson Air
Force Base, Ohio (AFML/DO).

Technical reports published by the Air Force Materials Laboratory
during the period 1 January 1972 - 31 December 1972 are abstracted herein.
Reports on research conducted by Air Force Materials Laboratory personnel
as well as that conducted on contract are included.

The abstracts are separated into sections corresponding to the divisions
of the laboratory. Indexes provided are: Subject Index, Keyword-Out-of-
Context (KWOC) Index, page 109; Investigator Index, page 190; and Contractor
Index, page 195,

The access number cited with each abstract provides access to the
document itself in the Air Force Materials Laboratory's document collection.
The corresponding AD number is also cited. Retention copies of these re-
ports may be requested from DDC, Cameron Station, Alexandria, Virginia
22314,

This technical document has been reviewed and is approved.

FEe A

Edward Dugger
Operations Office
Air Force Materials Laboratory
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ABSTRACT ;

T echnical reports published by the Air Force Materials Laboratory
during the period 1 January 1972 - 31 December 1972 are abstracted herein, ;
They are presented in groups corresponding to the divisions of the Labora-
tory. In addition to the abstract text, the report number, investigator, AFML
project monitor, contractor, contract number, AFML project/task number,
report date, and access numbers are given., Reports on research conducted

by the Air Force Materials Laboratory personnel as well as that conducted
on contract are included.
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ABSTRACTS OF TECHNICAL REPORTS

ADVANCED DEVELOPMENT DIVISION (AFML/LC)

REPORT NO: AFML-TR-70-58 AD 904 324L
Volume IV September 1972

ACCESS NO: H-466

TITLE: ADVANCED COMPOSITES DATA FOR AIRCRAFT
STRUCTURAL DESIGN VOLUME IV: MATERIAL
AND BASIC ALLOWABLE DEVELOPMENT --
GRAPHITE/EPOXY

AUTHOR: L. M. Lackman

CONTRACT NO: F33615-68-C-1489

CONTRACTOR: North American Rockwell Corp.

PROJECT MONITOR: R. L. Rapson (AFML/LC), et. al.

PROJECT NO: 6169CW

ABSTRACT: This volume summarized that portion of the pro-

gram concerned with the material and basic allowable development of a

specific current graphite-filament/epoxy-matrix advanced composite system.
The specific system selected is known commerically as Type AS/3002 pre-
pregged by Fiberite Corporation, with the fiber and matrix formulation supplied
by Hercules Incorporated, the U. S. licensed distributor of Courtaulds fibers.
The main body of this volume comprises the following basic topics: material
qualification, specimen fabrication, specimen testing and data reduction,
Evaluation of results and generation of design allowables. The test program
purpose is to characterize a singular graphite/epoxy system with the data
divided into two categories: baseline data and environmental effects data.

REPORT NO: AFML-TR-7!-186 AD 893 713L

Volume I March 1972
ACCESS NO: 67,854 i
TITLE: ADVANCED COMPOSITE APPLICATIONS FOR

SPACECRAFT AND MISSILE PHASE [ FINAL |
REPORT VOLUME I: STRUCTURAL DEVELOP-

MENT
AUTHOR: J. D. Forest, et. al.
CONTRACT NO: F33615-70-C-1442
CONTRACTOR: Convair Aerospace Div/General Dynamics
PROJECT MONITOR: R. L. Rapson (AFML/LC)
PROJECT NO: |
ABSTRACT: Four structures of the Orbiting Vehicle One (OV1) ‘

Satellite launch support system were selected to serve as representative
components for design, analysis, and fabrication development efforts. The

OV1 is small, standardized Air Force satellite that is launched on the Atlas
missile. The dual satellite launch configuration was selected for study. Trade-
offs were made early in the program to compare several materials and design
concepts for each component. A materials and processes development program
was then conducted to allow the final component design to proceed with confidence.
Concurrent with the process development work was a structural element test
program. The final designs and analysis of each component were then prepared
for construction of the demonutration hardware.
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REPORT NO: AFML-TR-71-186 AD 893 715L
Volume II March 1972

ACCESS NO: 67,854

TITLE: ADVANCED COMPOSITE APPLICATIONS FOR

SPACECRAFT AND MISSILES PHASE I FINAL
REPORT VOLUME II: MATERIAL DEVELOPMENT

AUTHOR: J. Hertz, et. al.

CONTRACT NO: F33615-70-1442

CONTRACTOR: General Dynamics/Convair

PROJECT MONITOR: R. L. Rapson (AFML/LC)

PROJECT NO:

ABSTRACT: Materials development work included screening of

candidate matrix and fiber systems, characterization of several systems,

and design allowables and environmental testing of the materials selected

for the final hardware components. Screening and characterization mechanical
property tests were performed to select advanced composite systems capable
of operating for short time (five minutes) over a temperature range of -320

to +350F. Two types of graphite/epoxy were desired, one to exhibit very

high modulus for shell stiffeners and stiffness-critical beams. The Courtald's
HT-S fiber was selected for high strength applications and the Celanese

GY-70 fiber for high modulus applications as a result of the screening tests.

REPORT NO: AFML-TR-71-205 AD 893 368L
Volume I October 1971

ACCESS NO: 200,511

TITLE: ADVANCED COMPOSITE MATERIAL STUDY FOR
MILLIMETER WAVELENGTH ANTENNAS

AUTHOR: J. W. Haylett

CONTRACT NO: F33615-70-C-1390

CONTRACTOR: Goodyear Aerospace Corporation

PROJECT MONITOR: R. L. Rapson (AFML/LC)

PROJECT NO:

ABSTRACT: The purpose of this program was to conduct a
theoretical and experimental exploratory davelopment program to establish
the required technology to design, fabricate, and test reliable flightworthy
advanced composite, extremely high frequency (ehf) antennas for space
systems applications. The selected materials were fabricated into a 30-
inch diameter antenna model. The paraboloid was of sandwich-type con-
struction utilizing GFRP laminate face skins and aluminum core. The
paraboloid laminate and sandwich were cured on a low coefficient of

thermal expansion ceramic mold developed during the program. The
finished antenna model tolerance was 0. 003 inch RMS. Many antenna rf
reflective coatings were evaluated at 34.4, 60 and 90 GHz. Grafoil and
flame sprayed aluminum proved to be excellent rf reflectors at all frequencies.
Other materials were good at selective frequencies. Feed support tubes 0.5
inch in diameter were fabricated of 755/4617 and 5Y/4617 material. Tests
showed that both materials could result in zero thermal coefficient of
expansion along the axis of the tube by controlling the laminate wrap angle
and resin content.
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REPORT NO: AFML-TR-72-25 AD 894 874L

ACCESS NO: 68, 042 January 1972

TITLE: - DEVELOPMENT OF FABRICATION TECHNIQUES
FOR BORSIC - ALUMINUM AIRCRAFT STRUCTURES

AUTHOR: R. G. Cheatham, et. al.

CONTRACT NO: F33615-70-C-1541

CONTRACTOR: The Boeing Company

PROJECT MONITOR: A. W. Davis (AFML/LC), et. al,

PROJECT NO: 698 CW

ABSTRACT: The objective of this program was to design, fabricate,

and test : .:%scale wingbox representative of typical aircraft structure, using
Borsic-alumii:um composite material and employing low pressure bonding
techniques. The program was composed of two phases. Phase I consisted of
developing fabrication techniques and deriving test data from several proposed
design elements representative of details of the final box. Phase II applied the
developed fabrication techniques and design data to the final design and
fabrication of the wingbox. Test data from the structural tests of the design
elements and wingbox as well as material property data for various Borsic-
aluminum ply layups were included.

REPORT NO: AFML-TR-72-96 AD 903 260L

ACCESS NO: 200,911 June 1972

TITLE: DEVELOPMENT AND DEMONSTRATION OF LOW
COST BORON FILAMENT FORMATION PROCESS

AUTHOR: D. K. Kuehl, et. al.

CONTRACT NO: F33615-71-C-1333

CONTRACTOR: United Aircraft Corporation

PROJECT MONITOR: R. M. Neff (AFML/LC)

PROJECT NO: 6169CW

ABSTRACT: Under the program described herein, a study was

made of three heating methods for a multifilament boron reactor. Components
of advanced reactors were designed, fabricated,and tested. Technical
feasibility of an RF heated multifilament reactor was demonstrated and a
production demonstration of a monofilament AC heated reactor showed the
potential for significant price/cost reduction. The study covered DC, AC,
and RF heating. DC heated reactors, currently in production, are not easily
used or economically useful for multifilament reactors. RF heated reactors,
both monofilament and multifilament, although initially erratic in properties,
produced very high strength boron under controlled conditions. AC heated
reactors, although technically feasible for multifilament operations, pro-
mised best short-term cost reduction benefits from monofilament operation.
A production demonstration period in which 10 lbs. of 4. 0 mil boron was
produced on 2 AC reactors gave: 1. Average diameter 4.01 mils, 8, 2.
Average UTS 539 ksi, 3. Average modulus 58.8 x 106 psi, 4. Density 2.59
gm/cc, 5. Average run length with constant speed take-up 24, 700 ft/run.
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REPORT NO: AFML-TR-72-108 AD 904 039L,

Part III July 1972

ACCESS NO: 69, 126

TITLE: ADVANCED COMPOSITE ENGINE DEVELOPMENT
PROGRAM

AUTHOR: K. G. Boll

CONTRACT NO: F33615-69-C-1651

CONTRACTOR: United Aircraft Corp.

PROJECT MONITOR: W. J. Schulz (AFML/LC)

PROJECT NO: 6169CW

ABSTRACT: This report deals with the application of advanced

composite materials to gas-turbine engine components, and the benefits that
can be achieved through their use. The program was divided into the following
discrete tasks: Material Screening, Material Design Allowables, First-Stage
Fan Blade Development, Third-State Fan Blade Development, Third-State
Disk Development, Fan Intermediate Case Development, Three Stage Aero-
mechanical Rig Program, Systems Analysis, and Design Guide. Quality
assurance techniques used for monitoring boron and graphite fibers and
BORSICALTM tape are described, and strength values for these materials

are presented. The design, fabrication development, inspection, and testing
of F100-PW-100 first-stage boron-polyimide fan blades, third-stage BORSICR
-aluminum fan blades, and third-stage boron-polyimide reinforced disks are
described. The testing of these components in a three-stage fan aeromechanical
rig is discussed.




METALS AND CERAMICS DIVISION (AFML/LL)

REPORT NO: AFML-TR-68-127 AD 840 874
ACCESS NO: 48,188 August 1968
TITLE: THE FEASIBILITY OF FORMING A BORON FIBER-

REINFORCED ALUMINUM COMPOSITE BY A HOT
EXTRUSION PROCESS

AUTHOR: Capt. W. J. Meyerer

CONTRACT NO:

CONTRACTOR: INTERNAL

PROJECT MONITOR:

TASK NO: 735107

ABSTRACT: This study was performed to ascertain the feasibility

of forming a boron fiber-reinforced aluminum composite by a hot extrusion
process. Post-extrusion examination revealed that fiber break-up was excessive,
but the length to diameter ratio for most of the filaments was great enough to
effect a stress-transfer. Thus, both modulus and strength values increased

as the volume percent fiber in the specimens increased.

REPORT NO: AFML-TR-68-135 AD 841 354

ACCESS NO: 48,187 August 1968

TITLE: FABRICATION AND EVALUATION OF BERYLLIUM
INGOT SHEET ALLOYED WITH COPPER AND
SILVER

AUTHOR: R. E. Evans, et. al.

CONTRACT NO: AF61052-788

CONTRACTOR: Atomic Weapons Research Establishment

PROJECT MONITOR: K. L. Kojola (AFML/LLP)

TASK NO: 735104

ABSTRACT: Attempts have been made to increase the yield

strength of wrought ingot beryllium to a target of 45 kpsi by a combination
of warm working and alloying with individual additions of up to w/o copper
and up to 10 w/o silver. Metallographic examinations and texture deter-
minations suggest that copper promotes more homogeneous deformation
during hot-rolling, which may contribute to the observed improved grain
refinement. The latter makes a quantitative comparison of the degree of
solution hardening difficult. Constitutional work revealed no discrepancies
in the previously published beryllium copper equilibrium diagram over the
range investigated.




REPORT NO: AFML-TR-70-202 AD 748 254

Part V January 1972
ACCESS NO: 200, 524
TITLE: AN APPLICATION OF FRACTURE CONCEPTS TO THE

PREDICTION OF CRITICAL LENGTH OF FATIGUE
CRACKS, PART 1V, EXPERIMENTAL DETERMINA-
TION OF FRACTURE TOUGHNESS AND CRITICAL CRACK
LENGTH OF 7075-T7351 ALUMINUM ALLOY PLATES

AUTHOR: S. O. Davis

CONTRACT NO:

CONTRACTOR: INTERNAL

PROJECT MONITOR: S. O. Davis (AFML/LLN)

PROJECT NO: 7351

TASK NO: 735108

ABSTRACT: The validity of applying fracture mechanics concepts

for the prediction of critical crack lengths in alloys subjected to tension fatigue
loading service conditions was experimentally determined. The investigation
consisted of the following steps: 1. Generation of basic design data yield strength,
modulus of elasticity, and fracture toughness parameters (Kic and K) from
experimental tests of 7075-T7351 aluminum alloy specimens. 2. Utilization of
the generated data with fracture mechanics concept to a mathematically predict
critical crack lengths in 7075-T7351 aluminum alloy center-notched specimens
subjected to axial tension fatigue stresses. 3. Experimental measurement of
critical crack lengths in 7075-T7351 aluminum alloy specimens tested under the
fatigue loading conditions used for the mathematical prediction. 4. Comparison
of experimental results with analytical predictions.

REPORT NO: AFML-TR-70-212 AD 736 774
Part I July 1971

ACCESS NO: 200, 351

TITLE: NEW AND REFINED NONDESTRUCTIVE TECHNIQUES
FOR GRAPHITE BILLETS AND SHAPES

AUTHOR: A. E. Oaks .

CONTRACT NO: F33615-69-C-1623

CONTRACTOR: General Electric Company

PROJECT MONITOR: W. Shelton (AFML/LLN)

PROJECT NO: 7351

ABSTRACT: The limits of utility of several advanced NDT approaches

for detecting small flaws in graphite were evaluated. Of these, focal plane ultra-
sonic inspection was found to be the most successful in delineating defects down
to 0.020 to 0.030 in. diameter in ATJ-S and 0.010-in. diameter in AXF -9Q
graphite. For nearer surface inspection 1 MHz differential eddy current
techniques can be applied to detect voids down to 0.010 x 0. 010 in. For billet
and part inspection slit radiographic techniques were found to reduce scatter
and parallax distortion induced image degradation and to acheive 10 to 15
percent improvements in the film contrast and defect resultion achieved with
graphite. Tests with delta scan techniques, spectrum analysis and signals,
acoustic resonance, microwave and thermoelectric techniques were either
insensitive to flaws and grocs structural differences in ATJ-S graphite or were
affected by background conditions other than flaws and thus excessively difficult
to interpret. 6
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REPORT NO: AFML-TR-70-213

Part II : August 1971
ACCESS NO: 200, 483
TITLE: INVESTIGATION OF THE PROPERTIES OF CARBON-

CARBON COMPOSITES AND THEIR RELATIONSHIP
TO NONDESTRUCTIVE TEST MEASUREMENTS

AUTHOR: J. S. Evangelides, et. al,

CONTRACT NO: F33615-69-C-1640 1
CONTRACTOR: McDonnell Douglas Astronautics Company - West 3
PROJECT MONITOR: W. L. Shelton (AFML/LLN) ]
TASK NO: 735109

PROJECT NO: 7351

ABSTRACT: Material variations and discrete discontinuities can

be encountered in carbon-carbon composites. The object of this program was

to identify and evaluate those factors that affect the quality and performance of
carbon-carbon composites by nondestructive and destructive test methods. In

addition, it was to be determined what correlations existed between the non- f
destructive test response data and the physical and mechanical property

measurements. The general approach was to characterize the precursor

materials, apply the nondestructive test techniques to the composites on an

in-process basis, determine mechanical and physical properties and determine

what relationships may exist between the NDT and property measurements.
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REPORT NO: AFML-TR-70-266 AD 743 105 ;

ACCESS NO: 200, 347 - October 1971 3

TITLE: EDDY CURRENT INSPECTION OF TURBINE ~
BLADES

AUTHOR: I. R. Kraska, et. al.

CONTRACT NO: F33615-68-C-1429

CONTRACTOR: General American Transportation Corporation

PROJECT MONITOR: H. L. Stevens (AFML/LLN), et. al.

PROJECT NO: © 7351

TASK NO: 735109

ABSTRACT: This report presents the results of a program to find

a nondestructive field inspection technique which will detect cracks in the
leading and trailing edges of jet engine turbine hlades. Such an inspection is
required because of the presence of cracks causes blade failures and can
cause the loss of an engine or entire aircraft. Various nondestructive
inspection methods were considered and experimentally evaluated in the
laboratory. One was found suitable for field testing. This method which

uses eddy currents, is described in detail. The ease of operation speed of
inspection of built up rotors, and excellent crack maintenance inspection of
turbine blades. It is recommended that several such systems, with appropriate
application instructions, be provided to maintenance to allow an extended field
evaluation of the technique.
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REPORT NO: AFML-TR-71-165 AD 734 761

ACCESS NO: 200, 353 June 1971

TITLE: INFRARED DISPERSION ANALYSIS AND OPTICAL
CONSTANT SPECTRA OF a-Fe203 (HEMATITE)

AUTHOR: C. M. Phillippi, et. al.

CONTRACT NO:

CONTRACTOR: INTERNAL

PROJECT MONITOR: C. M. Phillippi (AFML/LPL), et. al.

PROJECT NO: 7360

TASK NO: 736005

ABSTRACT: Infrared reflection spectra of the ordinary and
extraordinary rays of single crystal ferric oxide in the form of the mineral
hematite are isolated and measured. Dispersion analyses are performed

on these spectra and the best fit resonance parameters are identified, along
with extimated tolerances. Longitudinal optical mode frequenciec are
calculated from these data. Also calculated are: refractive index, extinction
coefficient, absorption coefficient, and real and imaginary parts of the
dielectric constant of both rays. These are presented as tabulations between
4000 and 200 cm-1, and as plots between 700 and 200 cm-1. Several oxidation
film spectra from pure iron are illustrated and discussed.

REPORT NO: AFML-TR-71-168 AD 752 251
ACCESS NO: 200, 348 April 1971
TITLE: DEVELOPMENT AND APPLICATION OF NON-

DESTRUCTIVE METHODS FOR PREDICTING
MECHANICAL PROPERTIES OF ADVANCED
REINFORCED NONMETALLIC COMPOSITES

AUTHOR: A. W. Schultz

CONTRACT NO: F33615-70-C-1526

CONTRACTOR: Avco Corporation

PROJECT MONITOR: Capt. L. R. Gulley (AFML/LLN)

PROJECT NO: 7351

TASK NO: 735109

ABSTRACT: A detailed evaluation of the interval velocity, one

side access technique was conducted and results indicate that it has, at

its present stage of development a limited usefulness for routinely measuring
relative values of polar velocity, and hence polar modulus, for many fiber
reinforced composites including boron/epoxy. Although the usefulness of
nondestructive modulus measurements for predicting elastic modulus and
ultimate strength for fiber composites has been confirmed, these studies
strongly indicate that this capability can be extended to include all fiber
configurations at any polar orientation.
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REPORT NO: AFML-TR-71-172 AD 748 837

ACCESS NO: 200, 832 June 1972
TITLE: DEVELOPMENT OF PROTECTIVE COATINGS
FOR COLUMBIUM ALLOY GAS TURBINE BLADES
AUTHOR: S. Priceman, et. al.
CONTRACT NO: AF33615-69-C-1613
CONTRACTOR: Sylvania Electric Products Inc.
PROJECT MONITOR: N. Geyer (AFML/LLM)
s PROJECT NO: 7312
] TASK NO: 731201
ABSTRACT: Four developmental cycles of candidate selection,

screening test and evaluation were performed on coatings for columbium
turbine blade airfoils and root sections. Candidate coatings ircluded numerous
fused silicide compositions, silicided sintered underlays, and fused silicides
plus glass, ceramic, soft metal, and flame sprayed overlays. The first

three developmental cycles employed thermogravimetric analysis, isothermal
furnace oxidation tests, and prestrain plus oxidation tests as screening criteria.
» The airfoil coating selected on the basis of performance in the above tests was
1 a Si-20Fe-40Cr fused silicide with an iron-chromium-aluminum flame sprayed
' impact resisting overlay. The root coating selected was the same fused
silicide coating with an Ag-Al overlay. These two coatings were more de-

5_ finitively and statistically characterized in the fourth cycle on the basis of

' the same test criteria.
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REPORT NO: AFML-TR-T71-173 AD 891 810L
Volume I January 1972

ACCESS NO: 200,376

TITLE: COMPARATIVE EVALUATION OF COATED ALLOYS

FOR TURBINE COMPONENTS OF ADVANCED AIR-
CRAFT GAS TURBINE ENGINES. VOL. I. SUMMARY
AND ANALYSIS OF TESTING EVALUATION

AUTHOR: K. H. Ryan

CONTRACT NO: F33615-69-C-1615

CONTRACTOR: General Motors

PROJECT MONITOR: N. M. Geyer (AFML/LLM)

PROJECT NO: 7312

TASK NO: 731201

ABSTRACT: The purpose of this program was to evaluate the

effects of newly developed coatings on modern superalloys. Most of the

property tests were conducted on hollow, thin-wall (0.032 in), simulated

airfoil test bars. To accomplish this effort, the program was divided into

three phases. Phase I - Demonstrate the ability of laboratory tests to correlate

with gas turbine engine experience, Phase II - Establish a base line on current

state -of-the -art coating/alloy systems, Phase III - Evaluate newly developed

coatings on specific alloy substrates. The hot corrosion, oxidation-erosion,

and thermal fatigue tests of Phase I showed good correlation with accelerated

turbine engine tests and flight service experience. l

" |




REPORT NO: AFML-TR-71-185 AD 730 348

ACCESS NO: 200,318 September 1971
TITLE: THE FFARLY DETECTION OF FATIGUE DAMAGE
AUTHOR: J. F. Mocre, et. al.

CONTRACT NO: F33615-68-C-1706

CONTRACTOR: North American Rockwell Corporation

PROJECT MONITOR: R. R. Rowand (AFML/LLN), et. al.

PROJECT NO: ARPA Order 1244

ABSTRACT: This is the final technical report for a program directed

at the development of nondestructive test (NDT) methods for the detection of
early fatigue and fraciure damage in metals and alloys. The program is based
on an interdisciplinary approach designed to interrelate the factors of early
fatigue damage with measurable physical phenomena. The program initially
concentrated on a comprehensive study of the existing k;:,lowledge of fatigue
phenomena in metals, and the results of the study are described in terms of
fatigue and fatigue-associated phenomena, metallurgical structure, effect of
interrelating fatigue phenomena on physical properties, and the availability of
appropriate measurement techniques and equipment. Next, the program
developed a series of controlled fatigue experiments to measure quant1tat1ve1y
the fatigue effects in selected metal specimens.

REPORT NO: AFML-TR-71-187 AD 746 592
ACCESS NO: 200, 396 October 1971
TITLE: DEVELOPMENT OF NONDESTRUCTIVE TEST

TECHNIQUES FOR MUL'YIDIRECTIONAL FIBER-
REINFORCED RESIN MATRIX COMPOSITES .

AUTHOR: J. L. Cook, et. al.

CONTRACT NO: F33615-69-C-1624

CONTRACTOR: McDonnell Douglas Astronautics Company
PROJECT MONITOR: - Capt. L. R. Gulley (AFML/LLN)

PROJECT NO: 7351

TASK NO: 735109

ABSTRACT: The second year of effort of a two-year program

was devoted to the study of the applicability of nondestructive analysis of the
B-stage condition composite, evaluation of cured composite variability,
relation of composite mechanical strength to location and severity of weave
irregularities, and evaluation of the material elastic constants by means of
ultrasonic velocity measurements verified through mechanical load versus
strain data. The application of the ultrasonic attenuation C-scan mapping
technique did not enable discrete areas of altered impregnation to be clearly
detected. Both C-scan attenuation and ultrasonic velocity measurements
were indicative of composite variability in the fully cured condition. Appli-
cation of film radiography indicated that these techmques were feasible for
inspection of such surfaces of revolution.
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REPORT NO: AFML-TR-71-193 AD 752 317
ACCESS NO: 200, 996 July 1972

TITLE: DAMPING IN PORCELAIN ENAMEL COATINGS |
AUTHOR: P, Sridharan, et. al. !
CONTRACT NO: F33615-69-C-1240

CONTRACTOR: University of Minnesota

PROJECT MONITOR: J. P. Henderson (AFML/LLN)

PROJECT NO: 7351

TASK NO: % 735106

ABSTRACT: \ Procelain enamels are extensively used as protective

and decorative coatings for metal parts. This report describes a study of the
damping capability of these coatings at elevated temperatures. A maximum
loss coefficient of 4 x 10-2 was observed for a bending specimen of mean
thickness 0. 09 inches, witha 5.5 x 10'3 inch thick porcelain enamel coating.
Experimental data showing the dependence of damping on temperature, coating
thickness, and frequency is presented. A method for determining the complex
elastic modulus of the coating material is discussed. Results from bending
and torsion experiments are compared.

REPORT NO: AFML-TR-71-204 AD 740 584
ACCESS NO: 200,420 December 1971
TITLE: METAL MATRIX COMPOSITE TECHNOLOGY
AUTHOR: K. G. Kreider, et. al.

CONTRACT NO: F33615-69-C-1539

CONTRACTOR: United Aircraft Corporation

PROJECT MONITOR: Capt. D. Rice (AFML/LLC)

PROJECT NO: 7341

TASK NO: 734107

ABSTRACT: The goals of this program include a critical property

evaluation of the best aluminum and titanium alloy matrix boron composite
systems available today and improvement of the understanding of fracture in
metal matrix composites. This program is intended to develop criteria for i
materiul selection and metallurgical processing and to generate data to guide i
the structural engineer in designing with metal matrix composites. Areas

of concentrated studies include: environmental effects, transverse properties,
off-axis properties, failure mechanisms of fatigue, notch bending fracture,
and notched tensile fracture. The effects of exposing boron aluminum com- |
posites to synthetic sca water was similar to that observed with the matrix
alloys. High temperature air exposure indicated that BORSICR was more
resistant to attack than boron. Thermal cycling studies indicated that boron
aluminum composites are durable under severe thermal fluctuations.
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REPORT NO: AFML-TR-71-212 AD 753 412

ACCESS NO: 200,317 November 1971

TITLE: WEAR RESISTANT COATINGS FOR TITANIUM
ALLOYS: FRETTING FATIGUE OF UNCOATED
Ti-6A1-4V

AUTHOR: R. K. Betts

CONTRACT NO: F33615-70-C-1537

CONTRACTOR: General Electric Company

PROJECT MONITOR: J. J. Crosby (AFML/LLM)

PROJECT NO: 7312

TASK NO: 731201

ABSTRACT: Classic fretting fatigue performed in an in-situ

manner between surfaces of shot-peened, forged Ti-6A1-4V was found not

to affect the run-out stress capability compared to nonfretted specimens

in tests at room temperature. However, at 400 F, a slight decrease in

the run-out stress was observed, and at 650 F a decrease of 30% resulted
from severe surface interaction. At overstress levels of 10,000 pei above

the nonfretted run-out stress, fretting reduced tke cyclic life capability by

two orders of magnitude at room temperature, and 2-1/2 orders at the
elevated temperatures. At overstress conditions, a narrow threshold of
inexorable fretting fatigue damage occurred between 104 and 5 x 104 cycles.
Fluorescent penetrant inspection was capable of revealing cracks in specimens
interrupted from fretting after the threshold had been exceeded, which specimens
were subsequently tested to fatigue failure with no additional fretting.
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REPORT NO: AFML-TR-71-218 AD 747 225

ACCESS NO: 60,157 January 1972

TITLE: DEVELOPMENT OF A NONDESTRUCTIVE TEST-
ING TECHNIQUE TO DETERMINE FLAW
CRITICALITY

AUTHOR: C. E. Hartbower, et. al. /

CONTRACT NO: F33615-68-C-1705

CONTRACTOR: . Aerojet Solid Propulsion Company

PROJECT MONITOR: R. R. Rowand (AFML/LLN), et. al.

PROJECT NO: 7351

TASK NO: 735109

ABSTRACT: This report presents the findings of a study to

develop a nondestructive testing technique to determine flaw criticality

based upon stress-wave emission. The research included an evaluation

of various sensors and instrumentation systems, and several materials and
material conditions tested to failure in rising load and low-cycle, high-stress-
intensity fatigue. The fracture testing utilized a linear-elastic fracture-
mechanics approach. Acoustic emission was the basis of the nondestructive
inspection technique. The stress-wave analysis technique (SWAT) was shown
to be a highly sensitive nondestructive inspection method, capable of detecting
growing defects at least an order of magnitude smaller than any other known
NDI method and, with a computerized system, capable of locating one or more
defects in real time. 12
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REPORT NO: AFML-TR-71-232 AD 751 528

ACCESS NO: 200, 623 March 1972

TITLE: STRESS CORROSION CRACKING OF TITANIUM
ALLOYS IN METHANOLIC AND OTHER MEDIA

AUTHOR: C. M. Chen, et. al.

CONTRACT NO:

CONTRACTOR: INTERNAL

PRCJECT MONITOR: Dr. H. B. Kirkpatrick (AFML/LLS), et. al.
PROJECT NO: A01466

ABSTRACT: Results are given of a systematic survey of the
stress-corrosion cracking behavior of titanium and certain of its alloys in
such environments as pure organic liquids, organic liquid-bormine mixtures,
methanol-water-acid mixtures, methanol vapor, and liquid mercury. Stress-
corrosion behavior is measured by time-to-failure under static tensile load
and by reduction in ultimate elongation under dynamic tension. The effects
are described of such variables as water concentration, bromine concentration,
applied electrical potential, and strain rate. Deperding on the circumstances,
mechanical failure appears to be associated with different processes or
mechanisms such as anodic dissolution at grain boundaries, hydrogen
embrittlement, corrosive reactions between titanium and bromine or
methanol, catlytic dehydrogenation of methanol, or stress sorption.

REPORT NO: AFML-TR-71-237 AD 743 107

ACCESS NO: 68, 556 December 1971

TITLE: JOINING TECHNIQUES FOR FABRICATION OF
HIGH-TEMPERATURE SUPERALLOY BLADES

AUTHOR: C. G. Nessler

CONTRACT NO: F33615-70-C-1784

CONTRACTOR: Pratt and Whitney Aircraft

PROJECT MONITOR: Dr. G. E. Metzger (AFML/LLM), et. al.

AFML TASK NO: \ 735102

ABSTRACT: Three diffusion welding systems were evaluated
for applicability to the fabrication of advanced design air-cooled gas turbine
blades from split halves. The joining systems evaluated were based upon
the use of interlayers to promote and enhance diffusion welding of the
directionally solidified superalloy (modification of MARM-200) used for this
program. Particular emphasis was placed on increasing the ability of the
joining systems to accommodate lack of fit which is a major concern in
diffusion welding complex-shaped hollow parts. The three systems, an
electroplated nickel-cobalt alloy interlayer, a nickel-cobalt-tungsten-
chromium dispersion electroplated interlayer, and thin foil intermediaries
were first evaluated on tests specimens using metallography, microprobe
analysis, and selective shear testing.
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REPORT NO: AFML-TR-71-240 AD 744 845

ACCESS NO: 200,515 December 1971

TITLE: MICROSTRUCTURES OF POWDER AND CON-
VENTIONALLY PROCESSED 7075 ALUMINUM

AUTHOR: L. A. Jacobson, et. al.

CONTRACT NO:

CONTRACTOR:

PROJECT MONITOR: L. A. Jacobson (AFML/LLM)

PROJECT NO: 7351

TASK NO: 735105

ABSTRACT: Aluminum alloy powder of the 7075 composition

was consolidated by warm upset and trusion. Commercial cast and wrought
material was also extruded to serve as a control. Results of varying the
length of time at solution treatment temperature indicate that the powder
material is far less resistant to recrystallization then the conventional
material. Optical and transmission electron microscopy revealed that

after identical post-extrusion solution treatments the substructure formed
during extrusion throughout the commerical material was stable while the
powder material retained substructure only near the edges of the rectangular
extrusion and had undergone complete recrystallization toward the center.
These results are explained in terms of the presence of a certain particulate
constituent and the amount of warm working, both of which appear to influence,
substructure formation and stability. The results obtained by varying quench
rates and employing cold work after solution treatment are compared for the
powder and the conventional material.

REPORT NO: AFML-TR-71-241 AD 736 484
ACCESS NO: 65,316 January 1972
TITLE: DEVELOPMENT OF POROUS BERYLLIUM
AUTHOR: S. N. Rosenwasser, et. al,

CONTRACT NO: F33615-69-C-1606

CONTRACTOR: McDonnell Douglas Corporation

PROJECT MONITOR: K. L. Kojola (AFML/LLM)

PROJECT NO: 7351

TASK NO: 735104

ABSTRACT: The processing procedures and parameters were

developed for the fabrication of uniform controlled permeability porous
beryllium billets by cold isostatic pressing and vacuum sintering of fractioned
commerical, attritioned powder. Optimized parameters for the production

of 1,1/2-in. -diameter billets in the permeability range of 1 x 10710502 ¢
12x10'lz in.and 3-in. -diameter billets in the permeability range of 5 x 10-11
in. to 5 x' 10" in“ were derived by an iterative experimental procedure,
SP-200 grade powder with particle sizes between 74 and 10 microns was
selected as the optimum blend, although control of particle size distribution
within this range was shown to be necessary for lot-to-lot reproducibility.

A press-anneal-repress procedure was developed to obtain uniform billets
with permeabilities below 5 x 10" in.
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REPORT NO: AFML-TR-71-251 AD 743 228

ACCESS NO: 65, 441 January 1972

TITLE: CONTINUOUS OXIDE FILAMENT SYNTHESIS
(CVD)

AUTHOR: P. E. Gruber, et. al.

CONTRACT NO: F33615-09-C-1501

CONTRACTOR: Avco Corporation

PROJECT MONITOR: Capt. R. E. Tressler <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>